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Resumo (em português) 
 
No retalho online de produtos alimentares, os clientes geralmente definem a data e a hora 
específicas em que querem receber as suas compras. Esta janela de encomenda permite alguma 
flexibilidade adicional, que pode ser usada para melhorar a política do inventário. Esta melhoria 
possibilitará ajustar o ponto de encomenda e a quantidade da encomenda, o que implica uma 
melhoria do custo total, que compreende os custos de encomenda, posse e rutura. 
Este estudo é baseado numa tese anterior, onde a política de inventário (s, Q) considera 
explicitamente a janela de encomenda. A política considera que a procura do cliente, bem como 
a janela de encomenda do cliente são estocásticas. Nesta tese, a política é generalizada e 
refinada, explorando o caso de múltiplas encomendas em trânsito simultaneamente, o que 
introduz cenários mais complexos e extremos para o sistema de inventário com janelas de 
encomenda. As validações foram realizadas usando simulação para um conjunto diverso de 
parâmetros. O simulador foi implementado em Excel, usando VBA, e a política foi otimizada 
usando uma resolução numérica, apoiada em MatLab. 
A nova versão da política demonstrou ser apropriada, quer para o caso de uma, quer para 
múltiplas encomendas em trânsito. Há um grande leque de possibilidades de investigação futura 
a serem exploradas no contexto de retalho online, particularmente nas políticas de inventário 
que consideram a janela de encomenda. 
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Abstract 
 
In the online channel of grocery retailers, customers typically define a specific date and time at 
which they want to receive their orders. This customer order time window provides additional 
flexibility, which can be used to improve the policy for optimizing inventory. This improvement 
allows to better adjust the ordering point and the ordering quantity, leading to a decrease in the 
total cost, which comprises the ordering, holding and stockout costs. 
This study is based on a previous thesis, where the (s, Q) inventory policy explicitly accounts 
for the ordering window. The policy considers that the customer demand as well as the customer 
ordering window are stochastic. In this thesis, we extend and refine the policy by exploring the 
multiple on order setting, which introduces more complex and extreme scenarios to the 
inventory system with ordering windows. The validations were performed using simulation for 
a variety of parameter configurations. The simulator was implemented in Excel, using VBA, 
and the policy was optimized via numerical optimization using MatLab.  
The revised policy proved to be appropriate both for single and multiple on order scenarios. 
There is an avenue of future research to be explored in this online retail setting, particularly in 
the exploration of inventory policies that account for the ordering window. 
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1. Introduction 
E-commerce or online business, is the purchase and sale of products or services through 
electronic means, such as the Internet and other computer networks. Originally, the term was 
applied to the conduct of transactions by electronic media such as Electronic Data Interchange. 
However, with the advent of the Internet and the World Wide Web, in the mid-90s it began to 
refer mainly to the sale of goods and Services through the Internet, using electronic media of 
payment, such as credit cards, (Fundación Wikimedia, Inc. 2016). 
Data from Ecommerce Europe (2016) shows that there are about 3,1 million online shoppers in 
Portugal, which on average spent €1.079 per person. This data also presents that e-commerce 
in Portugal increased by 15,9 percent in 2015 and was worth 3,3 billion euros in the same year. 
One in ten Portuguese sites recorded a 100% growth in the number of customers, according to 
data from the ACEPI/Netsonda (4º Trimestre 2014). 
Revenue in Portugal in the e-commerce market amounts to 2.443 million euros in 2017 and 
revenue is expected to show an annual growth rate (CAGR 2017-2021) of 11.8 % resulting in 
a market volume of 4.331 million euro in 2021. The market's largest segment is the segment 
"Toys, Hobby & DIY" with a market volume of 755 million euros in 2017. User penetration is 
at 62.5 % in 2017 and is expected to hit 81.1 % in 2021. The average revenue per user (ARPU) 
currently amounts to 501,44 million euros (Statista 2016). In Figure 1 and Figure 2 are two 
graphics representing the data of this paragraph. 
By 2020 there will be more than 9 million Internet users, about 84% of the population. There 
will be 4.5 million e-shoppers in Portugal and each one will spend more than 1000 euros. At 
current rates, it is expected that B2C e-commerce sales will account for something between 5 
and 6 billion euros. Global e-commerce activities - including B2B, B2C and B2G - will exceed 
90 billion euros, worth 54% of national GDP, (Sampaio 2015). 
 
Figure 1 - Revenue in the e-commerce market, (Statista 2016) 
Simulating an optimal continuous review inventory policy for online retail 
2 
 
Figure 2 - The number of users in the e-commerce market, (Statista 2016). 
The globalization has favoured the increase of e-commerce users, but the e-commerce is a 
difficult process that includes a precise handling of the different entities to accomplish the 
objective. Consumers expect for an error-free supply chain, which increases the pressure of 
managing demand and supply incorporating lower inventory processes and lower total costs for 
retailers. To achieve real-time efficiency, e-commerce applications have to be multi-layered 
and full of rapid decision-making. Managing inventory to create higher inventory turnover and 
just in time delivery practices is one of the most important processes for online retailers, (Patila, 
Brig and Divekar 2014). 
Inventory Management is the application of overseeing and controlling the orders, storage and 
control of components used in the production. Inventory management is including the practice 
of overseeing and controlling of quantities of finished products for sale. A business's inventory 
is one of its major assets and represents an investment that is tied up until the item sells. On one 
hand, successful inventory management involves creating a purchasing plan to ensure that items 
are available when they are needed and keeping track of existing inventory and its use. On the 
other hand, businesses incur costs to store, track and insure inventory. Inventories that are 
mismanaged can create significant financial problems for a business, whether the 
mismanagement results in an inventory glut or an inventory shortage. Two common inventory-
management strategies are the just-in-time (JIT) method, where companies plan to receive items 
as they are needed rather than maintaining high inventory levels; and materials requirement 
planning (MRP), which schedules material deliveries based on sales forecasts, (Investopedia 
2016) & (Christopher 2016). 
Store picking is still the prevalent model in grocery e-commerce. However, more retailers are 
adopting dark stores because this implies growth and operational capacity, improve customer 
service levels, increase of the picking and the delivery productivity, an impact on physical 
operation and have stock availability, Amorim (2015) and Espinós (2015). 
In e-commerce customers typically define, a specific date and time at which they want to 
receive their orders. This time between the costumer order and the deliver (costumer order 
window) provides additional flexibility, which can be used to improve the policy for optimize 
the inventory. This study is based on a previous thesis (Espinós 2015) where the (s, Q) inventory 
policy explicitly accounts for the ordering window. The policy considers that the customer 
demand as well as the customer order window are stochastic. 
Our contribution in this study is divided in two parts. The first objective, and main point of this 
thesis, by validating this policy for the multiple on order scenario. The validations are 
performed by using simulation for a variety of parameter configurations. Consequently, the 
second objective is there, to refine the policy. 
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The remainder of the thesis is organized as follows. Chapter 2 is explains the previous work 
about e-commerce, the traditional (s,Q) policy and the previous work by Espinós (2015) about 
the continuous review policy in e-commerce inventory management in darkstores. 
Chapter 3 explains the simulation model used in this dissertation. Furthermore, an explanation 
of the multiple on order model and the divergence with the previous proposed model will be 
given. Finally, an explanation of implemented equations in Excel formulas and the overall 
parametrization will be presented. 
Chapter 4 analyzes all the results obtained with simulation, against the results of the numeral 
solution method with the MatLab program. Then, it proposes a refinement and generalization 
of the previous work in light of the obtained results. Finally, Chapter 5 summarizes the results, 
findings and conclusions of this study and proposes some future work and limitations that we 
have found.  
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2. Literature review 
The literature review of online retail will be divided in three sections. The first one is going to 
explain the information that we found in previous works about e-commerce. Secondly, the 
explanation of the traditional (s,Q) policy that is normally used in this kind of problems. Finally, 
the previous work about the continuous review policy for e-commerce inventory management 
in darkstores. 
2.1 E-commerce inventory management 
Today, e-commerce is growing exponentially, as well as the importance of finding a way to 
reduce the total costs of this transaction. This is why the previous project (Espinós 2015) was 
focused in anticipated as much information as possible to reduce costs. 
One of the most important gap between the e-commerce and traditional retail for the previous 
project is that in e-commerce the time when the client requests the order and when it wants to 
be served is not the same. And this means, that the warehouse knows the real demand before 
actually having to serve it, and this provides relevant a previous knowledge to adapt our actions 
to the real future demand. 
According to J. A. Acimovic (2012), the delay between order and depletion (delay between 
when an item is requested and when an item is depleted from inventory) makes time for the 
online retailer has a time window within which it can:  
A. Calculate optimal future strategies 
B. Wait for inventory it knows is in transit to arrive 
C. Move items between fulfillment centers.  
The author mentions that this strategy could be fruitful for future research work, and here is 
what this thesis works on.  In addition, there are two more paper written by the same author 
about it, Acimovic and Graves (2014), Acimovic, and Graves (2016). The first article talks 
about what is the best way to fulfill each costumer’s order-to-order to minimize average 
outbound shipping cost. And the second follows this explanation, first start to discusses the 
support online that handles traditional retail are totally different of the once that managing e-
commerce. The stockout of fulfillment center (FC) results in demand spill over to another FC. 
The need minimizes outbound shipping cost increase. They propose an implementable linear 
programming-based heuristic to replenish and allocate inventory accounting for possible 
spillover during the lead time. We observe a spillover-induced phenomenon we call whiplash: 
if an FC serves a greater (smaller) proportion of demand in a review cycle than its target λ, then 
in the next period, it is more likely to serve a smaller (greater) proportion of demand than its 
target.  The FC1 serving a greater demand will lead to local stockout and spillover to a FC2, 
which will then serve greater demand, while FC1 will serve a smaller one.  
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The study of (Hovelaque, Soler and Hafsa 2007) explains the need to address some aspects in 
the operations and management field. The authors believe that the main point of the traditional 
retail fall in the optimization of costs, such as shipping cost, involves not only transport 
optimization, but also, on a larger scale, inventory policy and the management of product flows 
throughout the entire supply chain. (Hovelaque, Soler and Hafsa 2007) identify tree different 
organization models which are currently implemented, and studies them by using a newsboy-
based order policy model (Vincent 2003) (Stevenson 1996).These three models are: store-
picking, warehouse-picking and drop-shipping (see Figure 3). 
 
Figure 3 - Product and information flows in different supply chain structures (Hovelaque, Soler and Hafsa 2007)  
The study of (Hariharan and Zipkin 1995) contains a classification for different lead times. The 
customers will not take delivery before the due date, filling orders early is forbidden. The time 
required to fill one of the replenishments orders is the supply lead time. Customer orders and 
their due dates are given. The authors said that there are several ways to model the supply lead 
time, and the study models the demand lead time analogously. In the simple case both lead time 
are fixed constants. Then they consider two stochastic lead time models: one with the demand 
lead time independent and identically distributed and the supply lead time; the second one, with 
the replenish orders going through a stochastic supply system, the demand lead time are 
constant. Finally, the last one extends the results to multi-stage system.  
The concept of knowing demand in advance was thoroughly explored in the literature since 
(Özer 2003). This topic of Advance Demand Information is slightly different from the one used 
in this thesis. In ADI the supplier doesn’t know exactly the demand, but a prevision of what it 
is going to be. In our case, we have firm orders from customers. Therefore, the adaptation of 
ADI approaches to our case is not straightforward, although something can be learned, like in 
(Xu, Gong and Chu 2014) the divide ADI in an environment of time-varying demands, in three 
scenarios:  
1. companies act as pure-play online retailers with customers homogeneous in demand 
lead time 
2. online customers are heterogeneous in demand lead time with priorities 
3. online retailers operate in a bricks and clicks structure, in which demands come from 
online and ofﬂine channels, with either independent or interactive channels.  
This division could be similar with the demand division done in the previous project. 
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2.2 Traditional (s.Q) policy 
The optimal policy for traditional retail was proposed by Silver, Pyke e Peterson (1998). They 
list different approaches of the four most common control system under probabilistic demand, 
Thera r some main assumptions1 and notes for understanding better the traditional (s,Q) retail 
policy: 
1. Stationary demand. 
2. Replenishment of size Q placed when the inventory position reaches exactly s (all demand 
transactions are of unit size). 
3. Constant lead time. 
4. Like the unit storage cost is assumed to be very high, the average level of backorders is 
considered negligibly small compared to the average level of on-hand stock. 
5. Forecast errors have a normal distribution: average zero, standard deviation 𝜎𝐿 over L (lead 
time). 
6. The value of Q in the iterative procedures is assumed to have been predetermined. 
7. The cost of the control system does not depend on the specific value selected. 
The Table 1 is a resume of the parameters us in the (Espinós 2015), this is also the common 
notation that is used in the following chapters: 
Table 1 – Common notation (Espinós 2015) 
SYMBOL DESCRIPTIONS UNTIS 
𝑨 ordering cost €/replenishment 
𝑩𝟏 cost per stockout occurrence €/replenishment 
𝑫 demand per year units/years 
𝒌 safety factor - 
𝑳 replenishment lead time years 
𝒑𝒖 ≥ (𝒌) 
probability that a unit normal (mean 0, standard 
derivation 1) variable takes on a value of k or higher 
- 
𝑸 order quantity units 
𝒓 inventory carrying charge €/€/years 
𝒔 order point units 
𝑺𝑺 safety stock units 
𝒗 unit variable cost €/units 
?̂?𝑳 forecast demand over a replenishment lead time units 
𝝈𝑳 
standard deviation of errors of forecast over a 
replenishment lead time 
units 
The method of determining s (order point) by using the following relations in the Equation (2.1) 
is a general approach of the traditional retail (s.Q) policy. 
 𝑠 = ?̂?𝐿 + 𝑆𝑆 = ?̂?𝐿 + 𝑘𝜎𝐿 (2.1) 
For the case where the lead time demand follows a normal distribution the total cost in 
traditional retail (s,Q) policy is the expected total relevant cost Equation (2.2) approximated: 
                                                 
1 These assumptions are on Silver et al. (1998), section 7.7.1 Common Assumptions and Notation, inside the chapter 7.1. 
Decisions rules for continuous-review, order-point, order-quantity (s,Q) control system. 
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 𝐸𝑇𝑅𝐶(𝑘, 𝑄) = 𝑂𝐶 + 𝐻𝐶 + 𝑆𝐶 = 𝐴
𝐷
𝑄
+ [
𝑄
2
+ 𝑘𝜎𝐿] 𝑣𝑟 + 𝐵1
𝐷
𝑄
𝑝𝑢 ≥ (𝑘) (2.2) 
Where the first term is the ordering cost, the second term is the holding cost and the final term 
is the stockout cost. Where the probability of having stockout is an expression of the standard 
normal distribution. 
Finally, deriving the cost functions in order to parameters, k and Q, the result will be the optimal 
values of these parameters. As well as, this allows finding the optimal s (reordering point). 
 
𝜕𝐸𝑇𝑅𝐶(𝑘,𝑄)
𝜕𝑄
= 0 ⇒ 𝑘 = √2 ln [
𝐷𝐵1
√2𝜋𝑄𝑣𝑟𝜎𝐿
] (2.3) 
Nevertheless, since the resolution of these two parameters depend on one another, we have to 
use an iterative process to find the results. Starting with the EOQ (optimal size of the 
replenishment) equal to Q value that minimizes the sum of the ordering and holding cost 
components. EOQ results in the following expression in the Equation (2.4): 
 𝐸𝑂𝑄 = √
2𝐴𝐷
𝑣𝑟
⇒ 𝑄 = 𝐸𝑂𝑄√[1 +
𝐵1
𝐴
𝑝𝑢 ≥ (𝑘)] (2.4) 
2.3 (s,Q) policy for online retail 
Espinós (2015) has extended the previous policy for online retail, by considering different types 
of demand, based on their delivery times. The previous study on this topic focused on the (s.Q) 
decision system. To find both s and Q parameters, (Espinós 2015) provided an iterative 
procedure, which determines s and Q alternately. 
The first change of the policy was redefining the demand in three types. The new notation and 
some main assumptions for understanding this chapter are in the Table 2: 
Table 2 – Common notation for the adapted (s,Q) policy (Espinós 2015) 
SYMBOL DESCRIPTIONS 
𝑹 Reordering time 
𝑫 Delivering time 
𝑪𝑶 Customer ordering time 
𝑪𝑫 Customer delivering time 
𝑶𝑾 Ordering window, 𝑂𝑊 = 𝐶𝐷 − 𝐶𝑂 
𝑳 Lead time 
𝒙𝑳
𝟏 forecasted demand of Case 1 and Case 2 over a replenishment lead 
time 𝒙𝑳
𝟐 
𝝈𝑳
𝟏 standard deviation of errors of forecast of Case 1  and Case 2 over a 
replenishment lead time 𝝈𝑳
𝟐 
𝒙𝑳
𝟐 forecasted demand Case 1 plus Case 2 over a replenishment lead time 
𝝈𝑳
𝑮 
standard deviation of errors of forecast of Case 1 plus Case 2 over a 
replenishment lead time, 
 
The first demand type is going to be like in traditional retail, the delivery is planned to happen 
before D and the order is settled after R.  
The second one, the retailer have a certain flexibility because the delivery is after D, and this 
leaving the stock on-hand to demand of Case 1 and cause that the stock on order Q can be us to 
fulfill this order.  
Simulating an optimal continuous review inventory policy for online retail 
8 
Finally, in the third type, OW is greater than L, and this allows a new replenishment from the 
supplier to be ordered and received before having to deliver to the customer. This case is not a 
problem, because the retailer has an infinity inventory to fulfill the order. 
Figure 4 and Figure 5 represent the two different policies, Figure 4 for the adaptation of the e-
commerce retail, and Figure 5 for the traditional retail. In the second cycle the system does not 
behave equally. In the first graphic, there is more flexibility to react than in the second where 
there is a stockout. This happens because in the first chart demand of Case 2 will consume from 
the on order stock Q, and not from the on-hand. 
 
Figure 4 - Inventory Level behavior for E-commerce Retail (Espinós 2015) 
 
Figure 5 - Inventory Level behavior for Traditional Retail (Espinós 2015) 
In the previous project, the author had the need to distinguish what happens when the order 
quantity Q is lower than the demand of Case 2, and when it is not. This follows to the next two 
cases: 
 Case (I): Follows the same expression as in traditional retail, because is when a stockout 
occurs due solely to 𝑑𝐿
1. Then, the reorder point has to supply this part of the total demand 
during the lead time. The equation is 𝑘𝜎1 > 𝜇2 − 𝑄 + 𝑘𝜎𝐺 
 Case (II): This case takes place when a stockout occurs due to both 𝑑𝐿
1 and 𝑑𝐿
2. When,  
𝑘𝜎1 ≤ 𝜇2 −𝑄 + 𝑘𝜎𝐺  
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Other cases defined in this thesis are case A and case B, and the difference between them is that 
in case A the stockout is due to 𝑑𝐿
1  and in case B the demand is because both demands 𝑑𝐿
1 and 
𝑑𝐿
2. Thereby, the reorder point follows the formula in the Equation (2.5): 
 𝑠𝐵 = ?̂?𝐿
1 + ?̂?𝐿
2 − 𝑄 + 𝑘𝜎𝐿
𝐺  (2.5) 
The Equation (2.6) combine the two different ways to compute s depending on k: 
 𝑠 = max(𝑠𝐴; 𝑠𝐵) = max⁡(?̂?𝐿
1 + 𝑘𝜎𝐿
1⁡; ?̂?𝐿
1 + ?̂?𝐿
2 − 𝑄 + 𝑘𝜎𝐿
𝐺) (2.6) 
Then with this modification in the ordering point formula, the formula of the total cost is as 
follows in the Equation (2.7): 
 𝐸𝑇𝑅𝐶(𝑘, 𝑄) = 𝐴
𝐷
𝑄
+ [
𝑄
2
+max⁡(𝑘𝜎𝐿
1⁡; ?̂?𝐿
2 − 𝑄 + 𝑘𝜎𝐿
𝐺)] 𝑣𝑟 + 𝐵1
𝐷
𝑄
𝑝𝑢 ≥ (𝑘) (2.7) 
In addition, the probability of stockout in e-commerce retail is: 
 𝑝𝑢 ≥ (𝑘) = 𝑝{[𝑑𝐿
1 +𝑚𝑎𝑥(0; 𝑑𝐿
2 − 𝑄)] > 𝑠} (2.8) 
After these modifications of the policy, the calculations to find the total cost are the same that 
are explained in the previous section. We have to use an iterative process, Equation (2.5), to 
find parameters, k and Q. Moreover, with this two values, we can find the optimal s (reordering 
point) using the Equation (2.3). And with all this parameters we are going to be able to find the 
total cost with the Equation (2.7). For our project, we used a simulation to calculate these costs, 
a key part of this thesis consists on simulating and validating the previously devised policy. 
2.4 Modelling and simulation 
Simulation is a very powerful approach, since it allows imitating the behavior of complex 
systems without mathematical sophistication. To perform simulations, we first have to focus on 
understand better this complex process. Simulation follows to test every aspect of a proposed 
change or addition without committing resources to their acquisition. It allows to speed up or 
slow phenomena, examine an entire sheet in minutes if desired, or spend 2 hours examining all 
the events that occurred during one minute of simulated activity. Simulation allows to 
understand better the interactions taking place in variables that make up such complex systems. 
Notwithstanding all this advantages, we also have to consider some disadvantages. You have 
to understand very well all the process to perform it properly. Simulation results may be difficult 
to interpret, simulation modeling and analysis can be time consuming and expensive (Banks 
1998). There are different simulation types, from static to dynamic, continuous and discrete, 
deterministic and stochastic, etc. In our case, we are going to use a discrete-event approach, 
since the inventory system is dynamic and the state is determined by events that occur at discrete 
points in time and the demand that we are going to simulate is going to be stochastic.  
Therefore, when the simulation is finished, one of the most critical parts in this project is the 
verification and validation of the simulation model. The study that help us in this thesis is 
(Sargent 2015). It is about the Validation and Verification of the simulation models and analysis 
the results obtain in this king of procedures. The study explained three approaches to deciding 
model validity: model development process with verification and validation, model accuracy 
and decision-making approaches. The author suggests that the approach to be used for 
verification and validation of simulation models is to follow the first one, model development 
process with verification and validation. A simple graphical paradigm is presented in Figure 6, 
that was developed by this author called the Simplified View of the Model Development 
Process.  
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A model should be developed for a specific purpose or use and be a parsimonious model, which 
means, that it is as simple as possible yet meets its purpose. A simulation model is a structural 
model, which implies the model contains logical and causal relationships that occur in the 
systems. Developing a valid simulation model is an iterative process where several versions of 
a model are developed prior to obtaining a valid model. 
 
Figure 6 - Simplified version of the model development process (Sargent 2015) 
It is often too costly and time consuming to determine that a model is absolutely valid over the 
complete domain of its intended applicability. Instead, tests and evaluations are conducted until 
sufficient confidence is obtained that a model can be considered valid for its intended purpose 
or use. However, determining that a model has sufficient accuracy for numerous experimental 
conditions does not guarantee that a model is valid everywhere in its applicable domain. 
Nevertheless, greater accuracy involves greater cost, and this relation is usually not linear (see 
Figure 7). 
 
Figure 7 - Confidence that model is valid (Sargent 2015) 
The next chapter will start by presenting the simulation model that was built to validate the 
inventory policy, as well as the verification and validation process of the model itself. 
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3. Simulation model 
The simulator for validating the inventory policy in both cases Singles on Order (SOO) and 
Multiple on Order (MOO), was implemented in Excel. In the next sections, we will explain the 
conceptual model. Then, the parameters that we have to introduce and the results obtained are 
presented. After that, the description of the formulas used in the Excel file with a Flow Chart 
to clarify the process is presented. Finally, the last section, aims to clarify the Validation and 
Verification of the model, following the indications in Sargent (2015). 
3.1 Variables 
The (s,Q) policy for traditional retail, when the Lead Time is lower than the time of 
replenishment, has been explained in the previous chapter. In the following figures, we can see 
the main difference between both cases (SOO and MOO). Figure 8 and Figure 9 are the 
representation of the Inventory Level behaviour for both cases, (SOO) and (MOO), 
respectively. In the first one, Figure 8, the replenishment of each cycle is before that the next 
cycle start; but the Figure 9 as one can see how the Lead Time is larger than the cycle. 
 
Figure 8 – Inventory Level behavior for the Traditional Retail for a Single on Order 
 
Figure 9 - Inventory Level behavior for the Traditional Retail for a Multiple on Order 
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The initial parameters to introduce in the simulation are the same those we use a standard policy: 
Lead Time, mean, standard deviation, ordering and quantity point, and the cost of each term 
(the ordering cost, the holding cost and the stockout cost). 
The new variables used in the Excel file to develop the simulation are explained in Table 3. 
Moreover, the parameters that have been explained in previous chapters, like the CO, OW and 
the CD, are also used. 
Table 3 – New notation for the MOO policy 
VARIABLE DESCRIPTIONS 
Demand Demand for each order. 
Depletion 
Commit quantity delivered between two CO. 
Depletion from the physical stock, when we deliver we have depletion. Binary 
value, if you satisfy the order then is one, and if you do not then is stock out then 
is zero. 
DepleOO 
Commit quantity delivered that used from OO. 
Depletion from on order (not physic), it is what you already deliver. 
Replenish Quantity we order from supplier. 
RepX2 
This variable indicated in which one (X is a number between 1-4) goes the 
Replenishment made. If the previous one is greater than zero and the current 1 is 
equal to 0, then there are Replenishment there. If not then RepX is equal to zero. 
Receive 
The quantity we received from supplier after the lead time. We us COt-1 because 
we cannot receive something at the same instant that we order for it. 
RecX2 It is similar to RepX, here indicated in with period X goes the Receiving. 
RecTX2 
When we already order but still did not receive that replenishment here indicated 
the time that this replenishment is going to arrive. 
OO Quantity on order. On order stock, not physic. 
OOX2 
It is similar to RepX and RecX, here indicated in with period X goes the quantity 
on order. 
Used 
This column is going to be a number between -1 to 4. If it is 1, 2, 3 or 4 means that 
we are going to consume from the OOX. If is -1 means that we cannot consume, 
we have stockout. Finally, if Used is zero this means that we consume from on 
hand. 
OH On hand quantity we have before committing. 
OH’ On hand order quantity after depletion, physical. 
Commit Quantity we have to deliver to our customer. 
Committed Accumulation of commit quantity, we deliver now. 
IP Inventory position in this moment. 
IP2 
Inventory position calculated in a different way than before to check that is the 
good value. 
Dif Difference between IP and IP2, for checking that is the same value.  
Stockout 
This column is equal to one just the first time that we have stock out in a period, 
because we want to consider how many times we have stock out in each, not the 
quantity, then the others values are irrelevant. 
Stockout2 Stockout calculated in a different way than before to check that is the good value. 
Warmup 
This is a binary column that is one when the system is Warmup, and zero is not 
ready or. 
Finally, when the simulation is executed it give us an average of each cost (the ordering cost, 
the holding cost and the stockout cost) and finally, the total cost too. 
                                                 
2 In our simulation X is going to be a value between 1 and 4, depending on which period is happening each 
replenishment, receiving, or on order is going to arrive. 
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3.2 Process and discrete events 
To clarify the relation of the parameters in Table 3 we develop a Flow Chart diagram (Figure 
10) to understand better the order of the process, to have an idea of what is going to be studied 
in our simulation. 
 
Figure 10 – Flow chart of the simulation process conducted in the Excel file 
This Flow Chart starts when an order i arrives at our system. We can commit to this order or 
not, depending if we have enough in stock available or not; if not, then we have Stockout. In 
the case that we have enough stock to commit, then we have to check if the inventory position 
(IP) is below the ordering point s. If it is we have to Replenish, and update the inventories (OO 
and IP). The next step checks if the time of CD is lower than the CO time. If it is, then we have 
to check if this time is lower than the Receiving time of the next order that we asked for 
Replenish. If it is, then the inventory is depleted to satisfy order j and we repeat the process 
with the next costumer deliver j. Now, if the CD is higher than CO, then we have to check if 
Receiving is going to be before or after the CO, if it is, then we are going to Receive (and 
updated inventories) and we go to the next replenishment k, if it is not, then we start to the 
beginning to the next order i. 
Following the previous Flow Chart, we can develop a schematic time line with the most relevant 
events. In the Figure 11 we see represented the line of time. 
 
Figure 11 - Time line 
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In time t, all the inventories: On-Orde, On-Hand, Commit and Committed, DepletionOO and 
the Inventory Position (IP). Just after committing to the customer order, the inventory is 
reviewed, which may result in a Replenishment, and after the Lead Time is going to be the 
Receiving of this order, and finally de Costumer Delivery. Before the time t, we have the 
Depletion. If we focus in the time that all the inventories happen, we can divide more. First is 
the On- Hand stock (before committing), with the CO, then the Commit and after that the stock 
On Hand (after committing, physical) and the Committed. In the next chapter there are all the 
formulas with the properly sub-index indicated to see in witch time is happen each parameter. 
3.3 Mathematical/logical expressions and implementation in Excel 
In this section, we are going to describe the mathematical expressions that govern our system 
model. At the same time we expose the logical equations, we are going to see how we develop 
this in the Excel file. All the formulas used in the simulation are written in and understandable 
way in the Annex A of this thesis. 
The expressions for the CO, OW and CD are the same as for the simple on order problem 
develop in the previous project (Espinós 2015). The costumer order (CO) starts in zero and 
increase each order the invers value of the instance, where the instance is a random number that 
follows a normal distribution. Then, the order window (OW) is also a random number between 
zero and one, with this we can have the 50% of the demand that is going to be 𝑑𝐿
1 and the other 
half is going to be⁡𝑑𝐿
2. Ultimately, the costumer delivery (CD) is the sum of the ordering window 
and the costumer order  
The index used for the following expressions are as follows: 
t  index for period (𝑡 ∈ [𝑇] = {1, … , 𝑇}) 
n  index for the order (𝑛 ∈ [𝑁] = {1,… ,𝑁}) 
x  index for the replenishment (𝑥 ∈ [𝑋] = {1,… , 𝑋}) 
In the Equation (3.1) there are the formula two calculate the Depletion, if the sum of the 
previous CD is between 𝐶𝑂𝑡−1⁡and 𝐶𝑂𝑡 
𝐷𝑒𝑝𝑙𝑒𝑡𝑖𝑜𝑛 = ∑ 𝐶𝑜𝑚𝑚𝑖𝑡𝑛⁡𝑛=1,…,𝑁−1∶⁡⁡𝐶1 , 𝐶1 ∶ 𝐶𝑂𝑡𝑛−1 ≤ ∑ 𝐶𝐷𝑛⁡𝑛=1,…,𝑁−1 < 𝐶𝑂𝑡𝑛 (3.1) 
For the DepleOO (Equation (3.2)), is more a less the same than in the previous equation but the 
Equation (3.2) include an extra condition, the sum of the previous Used have to be different to 
zero. 
𝐷𝑒𝑝𝑙𝑒𝑂𝑂 = ∑ 𝐶𝑜𝑚𝑚𝑖𝑡𝑛⁡𝑛=1,…,𝑁−1∶⁡⁡𝐶1,𝐶2 , 𝐶1: 𝐶𝑂𝑡𝑛−1 ≤ ∑ 𝐶𝐷𝑛⁡𝑛=1,…,𝑁−1 < 𝐶𝑂𝑡𝑛  
                                 𝐶2:⁡⁡ ∑ 𝑈𝑠𝑒𝑑𝑛⁡𝑛=1,…,𝑁−1 > 0⁡ (3.2) 
The column for the Replenish (Equation (3.3)), is zero or Q when there is a replenishment, and 
this replenishment take place when the inventory position minus the commit in that period is 
lower than the ordering point (s). 
𝑅𝑒𝑝𝑙𝑒𝑛𝑖𝑠ℎ = {
𝑄,⁡⁡⁡⁡⁡⁡𝑖𝑓⁡𝐼𝑃𝑡 ≤ 𝑠
0,⁡⁡⁡⁡⁡⁡⁡𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
  (3.3) 
The first quantity we order direct after a certain CO is slightly different from the next 
replenishments because it has to consider that all the others RepX are zero to start for the Rep1. 
Then all follows the Equation (3.4). 
𝑅𝑒𝑝𝑥 = {
𝑅𝑒𝑝
𝑛
,⁡⁡⁡𝑖𝑓⁡𝑂𝑂(𝑋 − 1)
𝑛−1
> 0⁡&⁡⁡𝑂𝑂𝑋𝑛−1 = 0
0,⁡⁡⁡⁡⁡⁡⁡⁡⁡𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
 (3.4) 
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For the Receive (Equation (3.5)), the column is zero or Q (the Replenish that we already 
ordered) when the order arrived, is going to sum the Replenishment when the CO time is 
between the CO minus the lead time and the CO of the next period minus the lead time. And 
then, the next four columns for RecX is going to be the same but instead of sum of the Replenish 
in the formula is going to be the RepX, changing X for 1,2,3 or 4 in each case for our simulator
2. 
𝑅𝑒𝑐𝑒𝑖𝑣𝑒 = ∑ 𝑅𝑒𝑝𝑙𝑒𝑛𝑚𝑖𝑠ℎ
𝑛
⁡𝑛=0,…,𝑡∶⁡⁡𝐶1 , 𝐶1 ∶ 𝐶𝑂𝑡 − 𝐿 ≤ 𝐶𝑂𝑛 < 𝐶𝑂𝑡+1 − 𝐿 (3.5) 
The receiving time is the time that is going to arrive the next Replenishment, this time is the 
sum of the time that we order the replenish plus the lead time. When this time is between 
𝐶𝑂𝑡−1⁡and 𝐶𝑂𝑡 the replenishment is going to arrive. But if we did not order anything this time 
is going to be infinity (106 in the case of our simulation) because we never are going to receive 
an order in that period. We can see exemplify this formula in the Equation (3.6). 
𝑅𝑒𝑐𝑇𝑥 = {
∞,⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡𝑖𝑓⁡𝑂𝑂𝑥𝑡 = 0
𝐶𝑂 + 𝐿𝑇, 𝑖𝑓⁡𝑂𝑂𝑥𝑡 = 0⁡&⁡𝑂𝑂𝑥𝑡 > 0
𝑅𝑒𝑐𝑇𝑋𝑡−1,⁡⁡⁡𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
 (3.6) 
For the columns of the quantity on order stock (not physic) is the sum of the on order plus the 
replenishment minus the receiving all on the previous, and this always is going to be a positive 
value, link in the Equation (3.7). In addition, for the case of the stock on order of each period 
the formula will be the same, Equation (3.8). 
𝑂𝑂 = 𝑂𝑂𝑛−1 + 𝑅𝑒𝑝𝑙𝑒𝑛𝑖𝑠ℎ𝑛−1 − 𝑅𝑒𝑐𝑒𝑖𝑣𝑒𝑛−1  (3.7) 
𝑂𝑂𝑥 = 𝑂𝑂𝑥𝑛−1 + 𝑅𝑒𝑝𝑥𝑛−1
− 𝑅𝑒𝑐𝑥𝑛−1  (3.8) 
The column Used is going to be a number between −1 to X. If it is 1 to X (in our simulation is 
until 4) means that we are going to consume from the OOX. To do this the Excel search for the 
largest number in the RecTX parameters matrix and then if this number is lower than CD writes 
the position of this number inside the matrix (X), if this number is greater than CD then search 
the next largest number. If none of the X numbers matches then it check if the OH is greater 
than zero, this means that we consume from on hand and Used is going to be equal to zero. If 
not, then Used is -1 and means that we cannot consume we have stockout. 
𝑈𝑠𝑒𝑑𝑖 = {
𝑦,⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡𝑖𝑓⁡1 < 𝑦 < 𝑋
0,⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡𝑖𝑓⁡⁡𝑂𝐻𝑥𝑖 > 0
−1,⁡⁡⁡⁡⁡⁡⁡⁡𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
   (3.9) 
  Where: ⁡𝑦 = argmax𝑥𝑖
𝐶1
𝑅𝑒𝑐𝑇𝑥𝑖 ; ⁡⁡𝐶1 = 𝑅𝑒𝑐𝑇𝑥𝑖 < 𝐶𝐷 
On hand before committing (OH) is the available during when we deliver, but not everything, 
we have to consider the Depletion too. When the time of Receiving (RecTX) is between 𝐶𝑂𝑡⁡ 
and 𝐶𝑂𝑡−1 then we have to sum the OOX. In addition, when we have a replenishment and we 
are using this order we should rest Commit from the previous order. 
𝑂𝐻 = 𝑀𝐴𝑋(0;⁡𝑂𝐻𝑡−1 − 𝐷𝑒𝑝𝑙𝑒𝑡𝑂𝑂𝑡 − 𝛼 + 𝛽 − 𝛾)  (3.10) 
  Where: ⁡𝛼 = {
𝐶𝑜𝑚𝑚𝑖𝑡𝑡−1,⁡⁡⁡⁡⁡𝑖𝑓𝑈𝑠𝑒𝑑𝑡−1 = 0
0,⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
 
 𝛽 = {
⁡𝑂𝑂𝑥𝑡⁡, 𝑖𝑓𝐶𝑂𝑡−1 ⁡< 𝑅𝑒𝑐𝑇𝑥𝑡 ≤ 𝐶𝑂𝑡 ⁡⁡⁡⁡⁡⁡𝑥 = 1, … , 𝑋
0,⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
 
 𝛾 = {
𝐶𝑜𝑚𝑚𝑖𝑡𝑡−1,⁡⁡⁡⁡𝑖𝑓𝑈𝑠𝑒𝑑𝑡−1 = 𝑥; 𝑅𝑒𝑝𝑥 > 0⁡⁡⁡⁡⁡⁡𝑥 = 1, … , 𝑋
0,⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
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The on hand order quantity after depletion, physical, is the sum of the previous one, plus the 
receiving in the previous order, minus the depletion in that time. 
𝑂𝐻′ = 𝑂𝐻𝑡−1 + 𝑅𝑒𝑐𝑒𝑖𝑣𝑒𝑡−1 − 𝐷𝑒𝑝𝑙𝑒𝑡𝑖𝑜𝑛𝑡  (3.11) 
Commit is the quantity we have to deliver to our customer. It is a binary variable, if there are 
enough stock to cover the demand, it is equal to one, and we replenish; or if there are not 
enough stock to cover the demand it is equal to zero. 
𝐶𝑜𝑚𝑚𝑖𝑡𝑡 = {
𝑀𝐼𝑁(𝐷𝑒𝑚𝑎𝑛𝑑𝑡, ⁡𝑂𝑂𝑥⁡), 𝑖𝑓⁡𝑈𝑠𝑒𝑑𝑡 = 𝑥⁡⁡⁡⁡⁡⁡𝑥 = 1, … , 𝑋
𝑀𝐼𝑁(𝐷𝑒𝑚𝑎𝑛𝑑𝑡; 𝑂𝐻𝑡), 𝑖𝑓⁡𝑈𝑠𝑒𝑑𝑡 = 0
0,⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
      (3.12) 
Committed is the accumulation of commit quantity, we deliver now, and follows the formula 
in the Equation (3.9) 
𝐶𝑜𝑚𝑚𝑖𝑡𝑒𝑑𝑡 = 𝐶𝑜𝑚𝑚𝑖𝑡𝑡 + 𝐶𝑜𝑚𝑚𝑖𝑡𝑡𝑒𝑑𝑡−1 − 𝐷𝑒𝑝𝑙𝑒𝑡𝑖𝑜𝑛𝑡 (3.13) 
To calculate the Inventory Position (IP) is with the quantity on hand after committing (OH’), 
plus the quantity on order and minus the accumulation of the committed quantity. 
𝐼𝑃𝑡 = 𝑂𝐻′𝑡 + 𝑂𝑂𝑡 − 𝐶𝑜𝑚𝑚𝑖𝑡𝑡𝑒𝑑𝑡  (3.14) 
The parameter of 𝑆𝑡𝑜𝑐𝑘𝑜𝑢𝑡 is a counter, if the quantity on hand is zero and the previous one 
was 1 and Used is -1 then we put 𝑆𝑡𝑜𝑐𝑘𝑜𝑢𝑡𝑡−1 + 1. Moreover, we just want to count one time 
one in each replenishment (for then calculate the times that we have stockout for 
replenishment), the formula is going to we always 2 after a 1. Finally, if we receive in that 
period we are not going to have a stock out, and then stockout will be zero. 
𝐼𝑃2𝑡 = (∑ 𝑂𝑂𝑥⁡)𝑥=1,…,𝑋⁡ + 𝑂𝐻𝑡 − 𝐶𝑜𝑚𝑚𝑖𝑡𝑡  (3.15) 
The last column is for the Warmup condition. This is a binary column that is one when the 
system is Warmup, and zero if it is not ready. Moreover, it is difference for the SOO simulation 
and for the MOO case, for the SOO, when 𝑄 > 𝜇𝐿, we start to analyze the data after the first 
tree replenishments, and if we are in a MOO case, when 𝑄 ≤ 𝜇𝐿, then we start to count after 
on Lead Time. 
𝑆𝑡𝑜𝑐𝑘𝑜𝑢𝑡𝑡 =
{
 
 
 
 
0,⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡𝑖𝑓⁡𝑅𝑒𝑐𝑖𝑣𝑒 > 0
𝑆𝑡𝑜𝑐𝑘𝑜𝑢𝑡𝑡−1 + 1,⁡⁡⁡⁡⁡⁡⁡⁡⁡𝑖𝑓⁡𝑂𝐻𝑡−1 = 1⁡&⁡𝑂𝐻𝑡 = 0
𝑆𝑡𝑜𝑐𝑘𝑜𝑢𝑡𝑡−1 + 1,⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡𝑖𝑓⁡𝑈𝑠𝑒𝑑𝑡 = −1
2,⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡𝑆𝑡𝑜𝑐𝑘𝑜𝑢𝑡𝑡−1 = 1
𝑆𝑡𝑜𝑐𝑘𝑜𝑢𝑡𝑡−1,⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
 (3.16) 
Finally, the last calculations that we need for calculate the total cost are the average of the on 
order and on hand column. We just have to sum all the values of each column that are with 
Warmup equal to one and divided for the number of orders.  
𝑂𝑂̅̅ ̅̅ =
∑ 𝑂𝑂𝑛⁡𝑛=1,…,𝑁∶⁡⁡𝐶1
𝑁
⁄ ⁡,⁡⁡⁡𝐶1 ∶ 𝑊𝑎𝑟𝑚𝑢𝑝 = 1 (3.17) 
𝑂𝐻̅̅ ̅̅ =
∑ 𝑂𝐻𝑛⁡𝑛=1,…,𝑁∶⁡⁡𝐶1
𝑁
⁄ ⁡,⁡⁡⁡𝐶1 ∶ 𝑊𝑎𝑟𝑚𝑢𝑝 = 1 (3.18) 
Finally yet importantly, the probability of stockout, that is the sum of every time we have one 
in the Stockout column and divided for the times that we Replenish. 
𝑝(𝑠𝑡𝑜𝑐𝑘𝑜𝑢𝑡) =
∑ 𝑆𝑡𝑜𝑐𝑘𝑜𝑢𝑡𝑛⁡𝑛=1,…,𝑁∶⁡⁡𝐶1,𝐶2
𝑁º⁡𝑅𝑒𝑝𝑙𝑒𝑛𝑖𝑠ℎ
⁡ , 𝐶1 ∶ 𝑊𝑎𝑟𝑚𝑢𝑝 = 1, 𝐶2 = 𝑆𝑡𝑜𝑐𝑘𝑜𝑢𝑡 = 1 (3.19) 
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3.4 Verification and validation 
After all the equations explaind in the previous section, there are some columns more to explain. 
These columns have been used for check if the results obtain are logical and consistent. In this 
section the different procedures that take place in the Excel file to check the values obtain in 
different columns are explained. 
Frist, in the Sargent (2015), section 5.3.1 Explain Model Behavior, explains how you can 
validate results qualitatively analysing the system. Checking whether the results obtained in 
each column should be in accordance with the results that should be obtained theoretically, also 
from checking other columns or making graph you can know the behaviour of each parameter. 
This is what has been done with our simulation with Excel as you would construct and validate 
each part, follow visually the process and check if it seems correctly. 
Second, we have a second way to calculate the Inventory Position (IP2), it is with the quantity 
on hand after committing (OH). We have the sum of all on ordering quantities for each period 
(OOX) and on hand quantity before committing (OH), minus the quantity that we have to deliver 
to our customers (Commit). All this previous value are in the same ordering time than the IP 
position. Finally, there are other column call Dif that is the difference between the two 
difference ways to calculate IP, and it is used to see if IP and IP2 match or not. 
 𝐼𝑃2 = 𝑆𝑈𝑀(𝑂𝑂1𝑡: 𝑂𝑂4𝑡, 𝑂𝐻𝑡) − 𝐶𝑜𝑚𝑚𝑖𝑡𝑡 (3.20) 
 𝐷𝑖𝑓 = 𝐼𝑃 − 𝐼𝑃2 (3.21) 
Finally, for the Stockout there are also to ways to be calculated. The other way to count the 
Stock out is if  𝐶𝑜𝑚𝑚𝑖𝑡𝑡 < 𝐷𝑒𝑚𝑎𝑛𝑑𝑡 and the 𝑆𝑡𝑜𝑐𝑘𝑜𝑢𝑡2𝑡−1 − 1 = 0 then is going to count, 
but this formula is not a counter than the one we saw in Equation (3.16), then maybe count 
more than one stockout for replenishment. Thereupon, the calculation of the probability of 
Stockout is not precise. However, it is useful to see when we have the first Stockout in each 
Replenishment and see if this one match with the one in the firs column of Stockout.  
𝑆𝑡𝑜𝑐𝑘𝑜𝑢𝑡2𝑡 = {
1, 𝑖𝑓⁡𝑆𝑡𝑜𝑐𝑘𝑜𝑢𝑡2𝑡−1 − 1 = 0⁡&⁡⁡𝐶𝑜𝑚𝑚𝑖𝑡𝑡 < 𝐷𝑒𝑚𝑎𝑛𝑑𝑡
0, 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
 (3.22) 
In the next chapter, we will see the application of these formulas, how to calculate the total 
cost (with the VBA program), and some results of each scenario propose.  
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4. Experimental tests, results and revision of the policy 
This chapter is divided in four sections. The first one explains the experimental setup that was 
built to test different scenarios. There is also a brief explanation of the code used in the macro 
in VBA. The second and third sections aim to provide numerical results that allow validating 
the previously proposed replenishment policy with single and multiple on order inventories and 
with some specific data instances to test the program in different scenarios. Finally, the fourth 
section proposes a refinement and generalization of the previous work in light of the obtained 
results to validate the simulation.  
4.1 Experimental design 
After analyzing all the columns that we have in the Excel file, now we are going to explain the 
main pots of our simulation: initial parameters, calculations and results. The initial values for 
the simulation in the SOO case are going to be the same that in the previous thesis (Espinós 
2015), and then we change slightly this values in order to validate the MOO case.  
Then, the initial values are going to be the lead time, the order quantity (Q), the order point (s), 
the mean(𝜇𝐿)⁡and standard deviation (𝜎𝐿) of the forecast demand over a replenishment lead time 
and the three costs: ordering cost (𝐴), holding cost (𝐵) and the final term is the stockout cost 
(unit variable cost (𝑣) for the inventory carrying charge (𝑟)). 
For the SOO case, the values of the cost and the optimal values of s and Q for each case were 
taken from the MatLab file to obtain the optimal results of these. Moreover, for the MOO some 
of the values were obtained from the MatLab file. Then they are optimal values, and some of 
them were chosen to test the program and check if it was working in different scenarios. 
Subsequently with these inputs, we ran the VBA program, the code for the macro in VBA is 
written and summarized version in the Annex B, and the explanation of it is as follows. First, 
the index values are defined; there are going to be two index, one for the number of iterations 
(i) and another for the number of times that the program is going to write the results in the Excel 
sheet (j). In the case of our simulation, j is equal to one, and then it is going to write all the 
values. After that, the program is reading the cost values and defining all the counters that we 
need for the further calculations to zero. From then on, the initial parameters are introduced and 
we start calculating with two for, one for i and another for j. Inside the for we can find the 
calculations, first the Excel file is put in manual mode, and inside the program two sheets are 
calculated and creating new random data (this does the program more rapid). Succeeding, we 
read the parameters that are going to change in each calculations and for this reason they have 
to be inside the for. From then on, there are the equations for define the different costs; first 
there are the formula for the Total Cost, Equation (2.2), then there is the counter for that cost 
that is increasing each iteration and it writes the result in the Excel sheet. Afterward, we are 
going to calculate the partial cost during the same procedure: equation, write results and 
counter. The equation for the partials cost are as follow: 
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 𝑇𝑜𝑡𝑎𝑙𝑂𝐶⁡ = ⁡ (𝑁º𝑜𝑟𝑑𝑒𝑟𝑠 ∙ 𝐴⁡)⁡𝑇𝑜𝑡𝑎𝑙𝐶𝑂 (4.1) 
 𝑇𝑜𝑡𝑎𝑙𝐻𝐶⁡ = 𝑂𝐻⁡̅̅ ̅̅ ̅ ∙ ⁡ (𝑣 ∙ 𝑟) (4.2) 
 𝑇𝑜𝑡𝑎𝑙𝑆𝐶⁡ = ⁡ (𝑁º𝑜𝑟𝑑𝑒𝑟𝑠 ∙ 𝑆𝑡𝑜𝑐𝑘𝑜𝑢𝑡 ∙ 𝐵)⁡/⁡𝐶𝑂 (4.3) 
An in addition, the program contains a code for a progress bar that we did not include in the 
Annex B, the reason is to make it more clear and understandable and we prefer to focus on the 
calculation parts. Furthermore, the program contain the code to calculate the average of each 
cost automatically, this is why we define the counters for each one, but to do more agile the 
calculations at the end we choose to comment this part of the code and calculate the average 
manually in the Excel sheets. 
 
4.2 Validation of the simulator 
For replaying the scenarios in the previous thesis (Espinós 2015) the simulation have been 5000 
orders at the same time 150 times to be able to compute the average of the stockout probability 
and the average of the on-hand inventory. This number of iterations allowed us to compute the 
total cost, and the partial once, of that given scenarios and compare it to the results obtain with 
the analytical expressions in MatLab. With lest iterations it is not enough to obtain reliable 
results and with more iterations the program is too slow to obtain the results agilely, this is why 
we choose this number of iterations in the simulation. 
We used the same criteria as the previous thesis. To have the desired proportion between ?̂?𝐿
1 
and ?̂?𝐿
2⁡demands, the order window was simulated with a uniform distribution between zero and 
the lead time in the case of 50% of ?̂?𝐿
2. For the other two cases, it was necessary to have a 
skewed distribution. A logarithm normal distribution (lognormal) was chosen to this end. The 
mean and standard deviation of the lognormal were turned, in order to obtain the desired 
proportion of demands of Case 1 and Case 2. In addition, we analyzed some extreme scenarios 
that they are unlikely to happened, these scenarios are for cases when the probability of having 
stockout is around 50%, just to try if the simulator is working for all the possible scenarios. 
The results for the total cost and the partial cost for the analytical and simulation process are in 
the Table 4. The results theoretical results (Theor column) are from the analytical model 
develop with MatLab, and we took it from the previous thesis, Espinós (2015). Then, the 
simulation results (Sim column) have been taken from our simulator in Excel. The table also 
provides the percentage of error between the simulated cost and the analytical cost. 
If we observe the results in the Table 4, it has been possible to verify the policy approach with 
the simulation done. The largest different are due to stockout cost, but when we analyzed the 
probability of stock out (that it is the main parameter in the calculations of this cost) we realized 
that the results in the simulation are very close to the theoretical value. This could be because, 
in the theoretical calculations, each cycle is independent from the other, moreover in our 
simulation the next cycle is going to be link to the quantity remaining from the previous cycle, 
and this could affect the results. 
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Table 4 – Comparison between the previous work and simulation for the SOO 
   CV  
   0,1 0,4  
   Sim  Theor Sim  Theor Sim  Theor Sim  Theor  
%
𝑥
𝐿2
 
50 
k 2,34 2,34 1,69 1,69   
s 65 50 90 50   
Q 253 253 262 262   
p(SO) 0,7% 0,8% 46,3% 45,6% 2,5% 2,3% 51,6% 53,0%   
OC 11,9 11,9 13,2 11,9 12,4 11,5 11,8 11,5   
HC 13,7 13,6 11,4 12,2 16,3 16,2 12,9 12,2   
SC 0,2 0,2 12,9 10,8 1,1 1,0 15,3 12,1   
TC 25,8 25,7 37,5 34,9 29,8 28,7 40,0 35,8   
% error 0,402% 7,446% 3,950% 11,698% 5,874% 
25 
k 2,26 2,26 1,49 1,49   
s 92 75 122 75   
Q 253 253 267 267   
p(SO) 0,9% 0,5% 45,5% 44,3% 5,7% 2,0% 54,7% 52,6%   
OC 12,0 11,9 12,1 11,9 11,5 11,2 11,3 11,2   
HC 13,9 13,8 12,3 12,3 17,4 17,2 13,3 12,5   
SC 0,3 0,3 11,9 10,5 2,2 1,5 15,6 11,8   
TC 26,2 25,9 36,2 34,6 31,0 29,9 40,3 35,6   
% error 0,885% 4,641% 3,788% 13,222% 5,634% 
75 
k 2,64 2,64 1,88 1,88   
s 34 25 58 25   
Q 252 252 258 258   
p(SO) 0,1% 0,0% 41,1% 49,1% 0,0% 2,7% 42,5% 53,5%   
OC 12,2 11,9 12,0 11,9 12,4 11,7 11,6 11,6   
HC 13,0 12,9 12,2 12,1 15,4 15,2 12,5 12,0   
SC 0,0 0,1 10,6 11,7 0,0 0,6 13,0 12,4   
TC 25,1 24,9 34,7 35,7 27,8 27,5 37,1 36,0   
% error 1,113% 2,677% 0,992% 2,921% 1,925% 
 
4.3 Generalization and validation of the policy in multiple orders 
Having the simulation model validated for the SOO case, we could now use it to check if the 
previously proposed policy is valid for MOO. This has resulted in a generalization of the 
expression of the probability of stockout. The initial expression of the Equation (4.4), which 
also is in the section 2.3 of this thesis in the Equation (2.8). By further analyzing Equation (2.8) 
and by cross-checking the results of the simulator, we found out that the previous developed 
expression (Espinós 2015) was not suitable for an inventory setting that has to deal with MOO. 
Therefore, we propose to generalize Equation (2.8) by replacing Q for OO, in this way we 
obtain an equation that covers all possible scenarios. 
 𝑂𝑂⁡ = max⁡(𝑄; 𝑥𝐿) (4.4) 
Then, with this modification, the probability of stockout is going to be like the Equation (4.5). 
 𝑝𝑟𝑜𝑏(𝑠𝑡𝑜𝑐𝑘𝑜𝑢𝑡) ⁡= 𝑝 {[𝑥𝐿
(1)
+max⁡(0; 𝑥𝐿
(2)
− 𝑂𝑂)] > 𝑠} (4.5) 
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Like in the SOO case, we run the simulation 5000 orders 150 times to obtain the average of the 
stockout probability and the average of the on-hand inventory, to calculate all the costs and 
compare it with the analytical expressions in MatLab. In order to validate the MOO case we 
tried different scenarios changing the values for Q and s to see the behavior of the model. At 
the beginning, we try some values that gives us four orders at the same time (Test MOO). Then 
we calculate the optimal Q and s for a lead time of 3 in MatLab with for 50%, 25% and 75% of 
?̂?𝐿
2 and with this values we run the Excel file and compare results (Optimized). In addition, we 
analyzed some extreme scenarios when the probability of having stockout is around 50% 
(Extrem values). Finally, we change the cost A, instead of 30 to 10, to reduce the Q and check 
the program with the optimal values for this case. Applying the proposed changed and 
numerically obtaining the Q and s optimal values, we obtain the following result exposed in the 
Table 5. 
Table 5 - Comparison between the previous work and simulation for the MOO 
   50% 25% 75%  
   Sim  Theor Sim  Theor Sim  Theor  
O
p
ti
m
iz
ed
 
k 1,89 1,73 2,06   
s 181 248 110   
Q 258 261 290   
p(SO) 0,0% 0,0% 0,0% 0,0% 0,0% 0,0%   
OC 12,009 12,166 12,009 11,494 10,908 10,345   
HC 16,181 15,401 16,181 16,089 18,977 15,950   
SC 0,000 0,015 0,000 0,960 0,000 0,405   
TC 28,190 27,6 28,2 28,5 29,9 26,7   
% error 2,201% 1,241% 11,924% 5,122% 
Ex
tr
em
 v
al
u
es
 
k 0,02 0,67 1,32   
s 150 225 75   
Q 258 261 290   
p(SO) 39,4% 49,0% 4,5% 25,1% 96,9% 90,7%   
OC 12,043 11,628 12,040 11,494 10,282 10,345   
HC 12,660 12,422 14,014 13,908 14,808 12,615   
SC 9,589 11,402 1,104 5,777 19,918 18,774   
TC 34,292 35,5 27,2 31,2 45,0 41,7   
% error 3,272% 12,896% 7,846% 8,005% 
    Test MOO 50% but A=10   
 
A
d
it
io
n
al
 t
es
t 
k 0,64 2,11   
s 160 185   
Q 100 166   
p(SO) 8,8% 26,2% 0,0% 0,0%    
OC 30,191 30,000 6,256 6,024    
HC 5,865 5,798 11,435 11,279    
SC 5,470 15,722 0,000 0,625    
TC 41,5 51,5 17,7 17,9    
 % error 19,399% 1,321%  
 
 
The results for the MOO cases are not as good as we expected. The ordering and holding cost 
in the Excel simulation are alike the theoretical value obtain with MatLab in mostly all the 
cases. However, the stockout cost could be valid for improve in future work. Moreover, these 
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tests allow us to improve in some important concept issues, like the Equations (4.4) and (4.5) 
and to redefine the policy that it is explained in the next section.  
4.4 Refinement of the policy 
With the previous results, we realize that the distinction of the two cases exposed before is not 
necessary for the calculations of the e-commerce retail. In the previous thesis Espinós (2015), 
the author distinguish two cases A and B, expose in Section 2.3 of this thesis. We realized that 
this distinction is not necessary for the calculations of the e-commerce retail, because in the 
simulation, we are never going to be in the Case B, and the reasons for stating this are the 
following. 
 The first reason is that in the Equation (2.7) the first part of the max (𝑘𝜎𝐿
1) is for the 
traditional retail case, and the second one (?̂?𝐿
2 − 𝑂𝑂 + 𝑘𝜎𝐿
𝐺) is the modification for the e-
commerce retail. When the second part is larger than the first one, 𝜎𝐿
𝐺  has to be very large 
compare to 𝜎𝐿
1 and this is not provable to happen. Because this means that the 𝜎𝐿
2 ≫⁡𝜎𝐿
1, 
and this could only happen if the demand's coefficient of variance is greater than 1. 
 Finally, if we apply the change expose in the previous section, that Q should be substituted 
for the OO to have a general equation that covers all possible scenarios. Then results in: 
max⁡(𝑘𝜎𝐿
1⁡; ?̂?𝐿
2 − 𝑂𝑂 + 𝑘𝜎𝐿
𝐺). 
For these reasons, the case B is not going to happen and the equations for the traditional retail 
should be the same that for the e-commerce policy, besides the same equations for the multiple 
on order case too. The equations for the ordering point and for the total cost with these 
modifications are the following, respectively, Equation (4.6) for the ordering point and 
Equation (4.7) for the total cost. 
 𝑠 = max(𝑠𝐴; 𝑠𝐵) = max(?̂?𝐿
1 + 𝑘𝜎𝐿
1⁡; ?̂?𝐿
1 + ?̂?𝐿
2 − 𝑄 + 𝑘𝜎𝐿
𝐺) ⁡⁡⇒ ⁡𝑠 = ?̂?𝐿
1 + 𝑘𝜎𝐿
1  (4.6) 
𝐸𝑇𝑅𝐶(𝑘, 𝑄) = 𝐴
𝐷
𝑄
+ [
𝑄
2
+max(𝑘𝜎𝐿
1⁡; ?̂?𝐿
2 − 𝑂𝑂 + 𝑘𝜎𝐿
𝐺)] 𝑣𝑟 + 𝐵1
𝐷
𝑄
𝑝𝑢 ≥ (𝑘) ⇒⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡ 
⁡⇒ ⁡𝐸𝑇𝑅𝐶(𝑘, 𝑄) = 𝐴
𝐷
𝑄
+ [
𝑄
2
+ 𝑘𝜎𝐿
1⁡] 𝑣𝑟 + 𝐵1
𝐷
𝑄
𝑝 {[𝑥𝐿
(1)
+max⁡(0; 𝑥𝐿
(2)
− 𝑂𝑂)] > 𝑠} (4.7) 
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5. Conclusions and future work 
In the online channel of grocery retailers, customers typically define a specific date and time at 
which they want to receive their orders. Inventory management in e-commerce opens new 
opportunities for retailers to improve their operational efficiency. The time window between 
the moment when the customer orders and the moment when the order should be delivered 
provides, in advance, information on the demand that is to be fulfilled. This ordering window 
provides additional flexibility, which can be used to improve the policy for optimizing the 
inventory. Therefore, retailers can use this information to improve their decisions and optimize 
operational costs (the ordering, holding and stockout costs), maintaining the service level. 
Analysing all the literature related with the subject thesis, one realize that the e-commerce is a 
growing market and there are several possibilities to improve. A thesis (Espinós 2015), where 
the (s, Q) inventory policy explicitly accounts for the ordering window, was an essential part to 
perform this project. 
Our project was to create a simulator in order to validate the policy for cases where there is an 
order to the supplier before the previous has arrived, multiple in-transit amounts at the same 
time, it has also been used to validate and recheck the previous results (Espinós 2015). We 
develop a simulator capable to analyse multiple orders and scenarios in a short period of time, 
and this allowed us to test extreme cases, for example, with a high percentage chance of having 
stockout. The validations were performed using variety of parameter configurations. The 
simulator was implemented in Excel, using VBA, and the policy was obtained via numerical 
optimization using MatLab.  
The results for the SOO cases help us to verify the policy approach with the simulation done, 
and test some extreme situations that they are unlikely to happen, like having a probability of 
stockout around 50%. In addition, the results for the MOO case, allow us to improve the 
previous proposed policy in some important concept issues. As well to redefine the policy for 
the Cases B, since we could see that this scenario is impossible happen. 
Nonetheless, this is just the second of many steps that remain in exploring inventory policies 
that account for the ordering window of e-commerce customers. There are several paths to 
continue and extend this study. 
Firstly, the calculations for the probability of stock out in the simulation in Excel, the results 
are similar to the values in MatLab, but when the probability of stockout is low, the deviation 
between the simulation and the numerical optimization is higher than what we would expect. It 
could be because, in the theoretical calculations, each cycle is independent form the other, 
moreover, in our simulation the next cycle is going to be linked to the quantity remaining from 
the previous cycle, and this could affect the results.  
Secondly, the distributions used in the ordering window column could be substituted with other 
different distributions, for example a Poisson. On one hand, the interval between orders it could 
we used an Erlang distribution or a Gamma.  
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Thirdly, some columns of the simulation could be easy modification to obtain different 
scenarios. Some of the most interesting extensions would be for example: non-stationary 
demand, periodic review, and other service level measures, such as b-service level. 
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ANEXO A: Simulator equations 
The equations used in the Simulator file to obtain the results for the MOO case are explained 
in Table 6 with some comments useful for understanding and developing the program better. 
Table 6 – Equations used in the Execl file Simulator 
Variable Equation Comments 
CO: 
Customer 
order 
𝐶𝑂𝑡 = 𝐶𝑂𝑡−1 + 𝑇𝐵𝑂 
Time that the costumer 
order. TBO = Time between 
orders 
OW: Order 
Window 
50%  𝑅𝐴𝑁𝐷() ∙ 𝐿𝑇 
25%  𝐿𝑂𝐺𝐼𝑁𝑉(𝑅𝐴𝑁𝐷(); 𝑂𝑊⁡𝑚𝑒𝑎𝑛; 𝑂𝑊⁡𝑠𝑡. 𝑑𝑒𝑣. ) 
75%  𝐿𝑇 − 𝐿𝑂𝐺𝐼𝑁𝑉(𝑅𝐴𝑁𝐷(); 𝑂𝑊⁡𝑚𝑒𝑎𝑛; 𝑂𝑊⁡𝑠𝑡. 𝑑𝑒𝑣. ) 
The formula change if the 
% of d1 and d2 change. 
CD: 
Customer 
Delivery 
𝐶𝐷𝑡 = 𝑂𝑊𝑡 + 𝐶𝑂𝑡 
Sum of ordering window 
and customer order. Time 
that the order arrive. 
Depletion 
𝑆𝑈𝑀𝐼𝐹𝑆(𝑆𝑢𝑚⁡⟦𝐶𝑜𝑚𝑚𝑖𝑡⟧
1
𝑡 − 1
⁡; ⟦𝐶𝐷⟧
1
𝑡 − 1
⁡;
≥ &𝐶𝑂𝑡 − 1; ⟦𝐶𝐷⟧
1
𝑡 − 1
;< 𝐶𝑂𝑡) 
Commit quantity delivered 
between two COs. 
Depletion from the physical 
stock, when we deliver we 
have depletion. If you 
satisfy the order then is 1, 
and if you don’t then is 
stock out = 0. 
DepleOO 𝑆𝑈𝑀𝐼𝐹𝑆 (𝑆𝑢𝑚⁡⟦𝐶𝑜𝑚𝑚𝑖𝑡⟧
1
𝑡 − 1
⁡; ⟦𝐶𝐷⟧
1
𝑡 − 1
;
≥ &𝐶𝑂𝑡 − 1; ⟦𝐶𝐷⟧
1
𝑡 − 1
;
<; 𝐶𝑂𝑡; ⟦Used⁡⟧
1
𝑡 − 1
> 0) 
Commit quantity delivered 
That used from OO. 
Depletion from on order 
(not fistic), it is what you 
already deliver. 
Replenish 
𝐼𝐹(𝐼𝑃𝑡 − 𝐶𝑜𝑚𝑚𝑖𝑡𝑡 ≤ 𝑠; 𝑄; 0) 
Quantity we order from 
supplier. Rep1/2/3/4 
indicated in which one goes 
the Replenishment made. If 
the previous one is >0 and 
the current one is = 0 then 
there are Replenishment 
there. If not then =0. 
Rep1 
𝐼𝐹(𝑂𝑅(𝐴𝑁𝐷(𝑂𝑂1𝑡 − 1 = 0; 𝑂𝑂2𝑡 − 1 = 0, 𝑂𝑂3𝑡 − 1
= 0, 𝑂𝑂4𝑡 − 1 = 0); 𝐴𝑁𝐷(𝑂𝑂4𝑡 − 1
> 0, 𝑂𝑂1𝑡 − 1 = 0)), 𝑅𝑒𝑝⁡𝑡; 0) 
1st Quantity we order direct 
after a certain CO. 
This one is the first and then 
you have to consider that all 
the others are = 0 too. 
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Rep2 
𝐼𝐹(𝐴𝑁𝐷(𝑂𝑂1𝑡 − 1 > 0; 𝑂𝑂2𝑡 − 1 = 0); 𝑅𝑒𝑝𝑡; 0) 
2nd Quantity we order direct 
after a certain CO 
Rep3 
𝐼𝐹(𝐴𝑁𝐷(𝑂𝑂2𝑡 − 1 > 0; 𝑂𝑂3𝑡 − 1 = 0); 𝑅𝑒𝑝𝑡; 0) 
3rd  Quantity we order direct 
after a certain CO 
Rep4 
𝐼𝐹(𝐴𝑁𝐷(𝑂𝑂3𝑡 − 1 > 0; 𝑂𝑂4𝑡 − 1 = 0); 𝑅𝑒𝑝𝑡; 0) 
4th Quantity we order direct 
after a certain CO 
Receive 
𝑆𝑈𝑀𝐼𝐹𝑆 (⟦𝑅𝑒𝑝𝑙𝑒𝑛𝑚𝑖𝑠ℎ⟧
0
𝑡
; ⟦𝐶𝑂⟧
0
𝑡
; 𝐶𝑂𝑡 − 𝐿 ≤ ⟦𝐶𝑂⟧
1
𝑡
< 𝐶𝑂𝑡 − 𝐿⁡) 
The quantity we received 
from supplier after the lead 
time. We us 𝐶𝑂𝑡 − 1 
because we cannot receive 
something at the same 
instant that we order it. 
Rec1 𝑆𝑈𝑀𝐼𝐹𝑆(⟦𝑅𝑒𝑝1⟧
0
𝑡
; ⟦𝐶𝑂⟧
0
𝑡
;> &𝐶𝑂𝑡⁡ − 𝐿⁡; ⁡⟦𝐶𝑂⟧
0
𝑡
≤ &⁡𝐶𝑂𝑡 + 1⁡ − 𝐿⁡) 
1st quantity   we receive 
Rec2 𝑆𝑈𝑀𝐼𝐹𝑆(⟦𝑅𝑒𝑝2⟧
0
𝑡
; ⟦𝐶𝑂⟧
0
𝑡
;> &𝐶𝑂𝑡⁡ − 𝐿⁡; ⁡⟦𝐶𝑂⟧
0
𝑡
≤ &⁡𝐶𝑂𝑡 + 1⁡ − 𝐿⁡) 
2nd quantity we receive 
Rec3 𝑆𝑈𝑀𝐼𝐹𝑆(⟦𝑅𝑒𝑝3⟧
0
𝑡
; ⟦𝐶𝑂⟧
0
𝑡
;> &𝐶𝑂𝑡⁡ − 𝐿⁡; ⁡⟦𝐶𝑂⟧
0
𝑡
≤ &⁡𝐶𝑂𝑡 + 1⁡ − 𝐿⁡) 
3rd quantity we receive 
Rec4 𝑆𝑈𝑀𝐼𝐹𝑆(⟦𝑅𝑒𝑝4⟧
0
𝑡
; ⟦𝐶𝑂⟧
0
𝑡
;> &𝐶𝑂𝑡⁡ − 𝐿⁡; ⁡⟦𝐶𝑂⟧
0
𝑡
≤ &⁡𝐶𝑂𝑡 + 1⁡ − 𝐿⁡) 
4th quantity we receive 
RecT1 
𝐼𝐹(𝑂𝑂1𝑡 = 0; 10^6; 𝐼𝐹(𝐴𝑁𝐷(𝑂𝑂1𝑡−1 = 0;𝑂𝑂1𝑡
> 0); 𝐶𝑂 + 𝐿𝑇; 𝑅𝑒𝑐𝑇1𝑡−1)) 
If the OOX (on order) is 
zero, that we do not have 
something on order, the 
time of arrival is equal to 
infinity (106), because it 
does not matter if the 
replenish have arrived or 
not, we are not going to 
used it (the “box” is empty). 
When OOX change from 
zero to a number is because 
we have a replenishment in 
that time, then the time is 
going to be CO+LT, and 
then we want that this 
number is going to be the 
same until we don’t have 
and OOX (OOX=0) 
RecT2 
𝐼𝐹(𝑂𝑂2𝑡 = 0; 10^6; 𝐼𝐹(𝐴𝑁𝐷(𝑂𝑂2𝑡−1 = 0;𝑂𝑂1𝑡
> 0); 𝐶𝑂 + 𝐿𝑇; 𝑅𝑒𝑐𝑇2𝑡−1)) 
RecT3 
𝐼𝐹(𝑂𝑂3𝑡 = 0; 10^6; 𝐼𝐹(𝐴𝑁𝐷(𝑂𝑂3𝑡−1 = 0;𝑂𝑂3𝑡
> 0); 𝐶𝑂 + 𝐿𝑇; 𝑅𝑒𝑐𝑇3𝑡−1)) 
RecT4 
𝐼𝐹(𝑂𝑂4𝑡 = 0; 10^6; 𝐼𝐹(𝐴𝑁𝐷(𝑂𝑂4𝑡−1 = 0;𝑂𝑂4𝑡
> 0); 𝐶𝑂 + 𝐿𝑇; 𝑅𝑒𝑐𝑇4𝑡−1)) 
OO 
𝑀𝐴𝑋(𝑂𝑂𝑡−1 + 𝑅𝑒𝑝𝑙𝑒𝑛𝑖𝑠ℎ𝑡−1 − 𝑅𝑒𝑐𝑒𝑖𝑣𝑒𝑡−1; 0) 
Quantity on order. On order 
stock, not physic. 
OO1 𝑀𝐴𝑋(𝑂𝑂1𝑡−1 + 𝑅𝑒𝑝1𝑡−1 − 𝑅𝑒𝑐1𝑡−1; 0) − 𝐼𝐹(𝑈𝑠𝑒𝑑
= 1; 𝐶𝑜𝑚𝑚𝑖𝑡; 0) 
1st  Quantity on order 
OO2 𝑀𝐴𝑋(𝑂𝑂2𝑡−1 + 𝑅𝑒𝑝2𝑡−1 − 𝑅𝑒𝑐2𝑡−1; 0) − 𝐼𝐹(𝑈𝑠𝑒𝑑
= 2; 𝐶𝑜𝑚𝑚𝑖𝑡; 0) 
2nd  Quantity on order 
OO3 
𝑀𝐴𝑋(𝑂𝑂3𝑡−1 + 𝑅𝑒𝑝3𝑡−1 − 𝑅𝑒𝑐3𝑡−1; 0) − 𝐼𝐹(𝑈𝑠𝑒𝑑
= 3; 𝐶𝑜𝑚𝑚𝑖𝑡; 0) 
3rd Quantity on order 
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OO4 𝑀𝐴𝑋(𝑂𝑂4𝑡−1 + 𝑅𝑒𝑝4𝑡−1 − 𝑅𝑒𝑐4𝑡−1; 0) − 𝐼𝐹(𝑈𝑠𝑒𝑑
= 4; 𝐶𝑜𝑚𝑚𝑖𝑡; 0) 
4th Quantity on order 
Used 
= 𝐼𝐹(𝐿𝐴𝑅𝐺𝐸(𝑅𝑒𝑐𝑇𝑋; 1)
< 𝐶𝐷;𝑀𝐴𝑇𝐶𝐻(𝐿𝐴𝑅𝐺𝐸(𝑅𝑒𝑐𝑇𝑋; 1); 𝑅𝑒𝑐𝑇𝑋; 0); 
𝐼𝐹(𝐿𝐴𝑅𝐺𝐸(𝑅𝑒𝑐𝑇𝑋; 2)
< 𝐶𝐷;𝑀𝐴𝑇𝐶𝐻(𝐿𝐴𝑅𝐺𝐸(𝑅𝑒𝑐𝑇𝑋; 2); 𝑅𝑒𝑐𝑇𝑋; 0); 
𝐼𝐹(𝐿𝐴𝑅𝐺𝐸(𝑅𝑒𝑐𝑇𝑋; 3)
< 𝐶𝐷;𝑀𝐴𝑇𝐶𝐻(𝐿𝐴𝑅𝐺𝐸(𝑅𝑒𝑐𝑇𝑋; 3); 𝑅𝑒𝑐𝑇𝑋; 0); 
𝐼𝐹(𝐿𝐴𝑅𝐺𝐸(𝑅𝑒𝑐𝑇𝑋; 4)
< 𝐶𝐷;𝑀𝐴𝑇𝐶𝐻(𝐿𝐴𝑅𝐺𝐸(𝑅𝑒𝑐𝑇𝑋; 4); 𝑅𝑒𝑐𝑇𝑋; 0); 
𝐼𝐹(𝑂𝐻 > 0; 0; −1))))) 
This finds the largest 
number of array RecTX → 
LARGE (array, 1st bigger) 
If it is lower than CD, find 
the position of the number 
in the matrix → MATCH 
(the number you want to 
find, here is the 1st largest ) 
First you want to tell the 
relative positions;  and the 0 
is because you want exact 
coincidence. 
If the number is larger tan 
CD then look for the 2nd 
highest number of array 
RecTX 3rd and 4th ... 
If none of them is larger, 
thet check if 𝑂𝐻 > 0, if it 
is, then 0; if not, then -1 
OH(before 
committing) 
available 
𝑀𝐴𝑋(𝑂𝐻𝑡−1 − 𝐷𝑒𝑝𝑙𝑒𝑡𝑂𝑂𝑡
− 𝐼𝐹(𝑈𝑠𝑒𝑑𝑡−1 = 0; 𝐶𝑜𝑚𝑚𝑖𝑡𝑡−1; 0) 
+𝐼𝐹(𝐶𝑂𝑡⁡ < 𝑅𝑒𝑐𝑇1 ≤ 𝐶𝑂𝑡; 𝑂𝑂1; 
𝐼𝐹 (
𝐶𝑂𝑡⁡ < 𝑅𝑒𝑐𝑇2 ≤ 𝐶𝑂𝑡; 𝑂𝑂2;
𝐼𝐹 (
𝐶𝑂𝑡⁡ < 𝑅𝑒𝑐𝑇3 ≤ 𝐶𝑂𝑡; 𝑂𝑂3;⁡
𝐼𝐹(𝐶𝑂𝑡⁡ < 𝑅𝑒𝑐𝑇4 ≤ 𝐶𝑂𝑡; 𝑂𝑂4; )
) ; 0
) 
−𝐼𝐹 (
𝐴𝑁𝐷(𝑈𝑠𝑒𝑑𝑡−1 = 1;𝑅𝑒𝑝1 > 0); 𝐶𝑜𝑚𝑚𝑖𝑡𝑡−1;⁡
𝐼𝐹(𝐴𝑁𝐷(𝑈𝑠𝑒𝑑𝑡−1 = 2; 𝑅𝑒𝑝2 > 0); 𝐶𝑜𝑚𝑚𝑖𝑡𝑡−1
𝐼𝐹(𝐴𝑁𝐷(𝑈𝑠𝑒𝑑𝑡−1 = 3; 𝑅𝑒𝑝3 > 0); 𝐶𝑜𝑚𝑚𝑖𝑡𝑡−1)
𝐼𝐹(𝐴𝑁𝐷(𝑈𝑠𝑒𝑑𝑡−1 = 4; 𝑅𝑒𝑝4 > 0); 𝐶𝑜𝑚𝑚𝑖𝑡𝑡−1))
) ; 0) 
 
On hand, quantity we have 
before committing. 
Available, when we deliver, 
but not everything, we have 
to consider the Depletion 
too. When the time of 
Receiving (RecTX) is 
between 𝐶𝑂𝑡 and 𝐶𝑂𝑡 − 1 
then we have to sum the 
OOX. In addition, when we 
have a replenishment and 
we are using this order we 
should rest Commit. 
OH’ (after 
committing) 
physical 𝑀𝐴𝑋(𝑂𝐻𝑡−1 + 𝑅𝑒𝑐𝑒𝑖𝑣𝑒𝑡−1 − 𝐷𝑒𝑝𝑙𝑒𝑡𝑖𝑜𝑛𝑡; 0) 
On hand order quantity after 
depletion, physical. (We 
change 𝑅𝑒𝑐𝑒𝑖𝑣𝑒𝑡 to 
𝑅𝑒𝑐𝑒𝑖𝑣𝑒𝑡−1 because we 
change the definition of 
𝑅𝑒𝑐𝑒𝑖𝑣𝑒). 
Commit 𝐼𝐹(𝑈𝑠𝑒𝑑𝑡 = −1; 0; 
𝐼𝐹(𝑈𝑠𝑒𝑑𝑡 = 0,𝑀𝐼𝑁(𝐷𝑒𝑚𝑎𝑛𝑑𝑡; 𝑂𝐻𝑡); 
𝑀𝐼𝑁(𝐷𝑒𝑚𝑎𝑛𝑑𝑡; 𝐼𝑁𝐷𝐼𝑅𝐸𝐶𝑇("𝑅"&𝑅𝑂𝑊()&"𝐶"&𝑈𝑠𝑒𝑑𝑡
+ 23; ⁡𝐹𝐴𝐿𝑆𝐸)))) 
(FALSE is just the system that we us for define the cells) 
Quantity we have to deliver 
to our customer. If there are 
enough stock to cover the 
demand, =1, and we 
replenish; or not =0. 
Committed 
𝐶𝑜𝑚𝑚𝑖𝑡𝑡 + 𝐶𝑜𝑚𝑚𝑖𝑡𝑡𝑒𝑑𝑡−1 − 𝐷𝑒𝑝𝑙𝑒𝑡𝑖𝑜𝑛𝑡 
Accumulation of commit 
quantity. We deliver now 
IP 𝑂𝐻′𝑡 + 𝑂𝑂𝑡 − 𝐶𝑜𝑚𝑚𝑖𝑡𝑒𝑑𝑡 Inventory position. Reals. 
IP2 
𝑆𝑈𝑀(𝑂𝑂1𝑡: 𝑂𝑂4𝑡 , 𝑂𝐻𝑡) − 𝐶𝑜𝑚𝑚𝑖𝑡𝑡 
Inventory position  
calculated in  a different 
way 
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Dif 
𝐼𝐹(𝐼𝑃𝑡 <> 𝐼𝑃2𝑡; 1; 0) 
For comparison between 
IP1 and IP2 
Stockout 
= 𝐼𝐹(𝑅𝑒𝑐𝑖𝑣𝑒 > 0; 0; 𝐼𝐹(𝑂𝑅(𝐴𝑁𝐷(𝑂𝐻𝑡−1 = 1;⁡𝑂𝐻𝑡
= 0);⁡⟦𝑈𝑠𝑒𝑑⟧
0
𝑡
= −1);⁡𝑆𝑡𝑜𝑐𝑘𝑜𝑢𝑡𝑡−1 + 1; 𝐼𝐹(𝑆𝑡𝑜𝑐𝑘𝑜𝑢𝑡𝑡−1
= 1; 2;⁡𝑆𝑡𝑜𝑐𝑘𝑜𝑢𝑡𝑡−1))) 
This is equal to 1 just 
indicated the first time that 
we have stock out, because 
we want to consider how 
many times we have stock 
out, not the quantity. 
Stockout2 
= 𝐼𝐹(𝐴𝑁𝐷(𝑆𝑡𝑜𝑐𝑘𝑜𝑢𝑡2𝑡−1 − 1 = 0; 𝐶𝑜𝑚𝑚𝑖𝑡𝑡
< 𝐷𝑒𝑚𝑎𝑛𝑑𝑡); 1; 0) 
This also indicated the stock 
out, but it is not a counter, 
we calculated in a different 
way. 
Warm up = 𝐼𝐹(𝑄 > 𝜇𝐿; 𝐼𝐹(𝑆𝑈𝑀(⟦𝑅𝑒𝑝𝑙𝑒𝑛𝑚𝑖𝑠ℎ⟧
1
𝑡 − 1
) > 0; 1; 0); 
𝐼𝐹(𝐶𝑂𝑈𝑁𝑇𝐼𝐹(⟦𝑅𝑒𝑝𝑙𝑒𝑛𝑚𝑖𝑠ℎ⟧
1
𝑡 − 1
; " > 0") ≥ 𝐿𝑇; 1; 0)) 
Consider a warm-up period 
(the first replenishes) 
Pr(stockout) 
=COUNTIFS(Stockout;"=1")/COUNTIF(Replenish;">0") 
Probability of stockout is 
calculated by counting 
number of stockouts 
 
  
Simulating an optimal continuous review inventory policy for online retail 
31 
 
  
ANEXO B: VBA code 
The code explain in chapter 4.1. Experimental design is exemplify here: 
 
1 Dim jmax As Integer 
2 jmax = 1 
 
3 Dim imax As Integer 
4 imax = Int(ActiveWorkbook.Sheets("Simulator10").Cells(15, 43).Value / jmax) 
 
5 'Read Costs 
6 OC = ActiveWorkbook.Sheets("Simulator10").Cells(3, 49).Value 
7 HC = ActiveWorkbook.Sheets("Simulator10").Cells(4, 49).Value 
8 SC = ActiveWorkbook.Sheets("Simulator10").Cells(5, 49).Value 
 
9 'Definition of the counters 
10 cumulativeTotalOC = 0 
11 cumulativeTotalHC = 0 
12 cumulativeTotalSC = 0 
13 cumulativeTotalcost = 0 
 
14 For i = 1 To imax 
 
15 For j = 1 To jmax 
 
16 'Activated Cels 
17 ActiveWorkbook.Sheets("Simulator10").Calculate 
18 ActiveWorkbook.Sheets("Results").Calculate 
 
19 'Read paramiters, in each iteration 
20 Norders = ActiveWorkbook.Sheets("Simulator10").Cells(7, 44).Value 
21 OH = ActiveWorkbook.Sheets("Simulator10").Cells(4, 44).Value 
22 Stockout = ActiveWorkbook.Sheets("Simulator10").Cells(6, 44).Value 
23 CO = ActiveWorkbook.Sheets("Simulator10").Cells(15, 44).Value 
 
24 'Calculation of the Total Cost 
25 totalcost = (Norders * OC + OH * HC * CO + Norders * Stockout * SC) / CO 
26 ActiveWorkbook.Sheets("Results").Cells(2 + i, 5).Value = totalcost 
27 cumulativeTotalcost = cumulativeTotalcost + totalcost 
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28 'Calculations of the Parcial Costs 
 
29 TotalOC = (Norders * OC) / CO 
30 ActiveWorkbook.Sheets("Results").Cells(2 + i, 2).Value = TotalOC 
31 cumulativeTotalOC = cumulativeTotalOC + TotalOC 
 
32 TotalHC = (OH * HC) 
33 ActiveWorkbook.Sheets("Results").Cells(2 + i, 3).Value = TotalHC 
34 cumulativeTotalHC = cumulativeTotalHC + TotalHC 
 
35 TotalSC = (Norders * Stockout * SC) / CO 
36 ActiveWorkbook.Sheets("Results").Cells(2 + i, 4).Value = TotalSC 
37 ActiveWorkbook.Sheets("Results").Cells(2 + i, 6).Value = Stockout 
38 cumulativeTotalSC = cumulativeTotalSC + TotalSC 
 
39 Next 
40 Next i 
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